Current control practices against gastrointestinal nematodes in dairy cows rely strongly on anthelmintic use. To reduce the development of anthelmintic resistance or disposition of drug residues in the environment, novel control approaches are currently proposed that target anthelmintic treatment to individual animals instead of the whole herd. However, such selective treatment strategies come with additional costs for labor and diagnostics and, so far, no studies have addressed whether they could be economically sustainable. The objectives of this study were to (1) investigate the economic effects at farm level of whole-herd versus more selective anthelmintic treatment strategies in adult dairy cows, and (2) determine how these economic effects depend on level of infection and herd size. A Monte Carlo simulation, fed by current epidemiological and economical knowledge, was used to estimate the expected economic effects and possible variation of different control strategies under Belgian conditions. Four treatment strategies were compared with a baseline situation in which no treatments were applied: whole herd at calving (S1), selective at calving with (S2) or without (S3) treatment of the first-calf cows, and wholeherd when animals are moved from grazing to the barn in the fall (housing treatment, S4). The benefit per lactation for an average dairy herd varied between −$2 and $131 (average $64) for S1, between −$2 and $127 (average $62) for S2, between −$17 and $104 (average $43) for S3, and between −$41 and $72 (average $15) for S4. The farmer's risk associated with any treatment strategy, as indicated by the width of the 95% credible intervals of economic benefit of anthelmintic treatment, decreased with increasing level of exposure, as assessed by bulk tank milk ELISA. The order of the different strategies when sorted by expected benefit was robust to changes in economic input parameters. We conclude that, on average, strategies applying anthelmintic treatment at calving outperform a strategy applying treatment at housing. Within the strategies that applied treatment at calving, more selective treatment strategies can be economically sustainable. However, given the large variation in possible benefits within each treatment strategy, decision support systems are needed to account for the multitude of cow, epidemiological, and economic factors that determine the economics of nematode control and select the optimal treatment strategy for a specific farm.
INTRODUCTION
Worldwide, gastrointestinal (GI) nematode infections continue to be an important cause of production losses in pasture-based cattle production. In the temperate climate regions of the northern hemisphere, Ostertagia ostertagi and Cooperia oncophora are considered the most important species. In adult dairy cattle, the induced production losses are mainly caused by lowered milk yield and fertility (Gross et al., 1999; Sanchez et al., 2002b Sanchez et al., , 2004 Charlier et al., 2009a) .
The use of anthelmintics, combined with pasture management practices, is the cornerstone of current control practices against GI nematodes (Bennema et al., 2010) . The current anthelmintic treatment decisions taken by dairy producers are driven mainly by factors such as milk price or perceived production level of the animals, but the exact economic benefit remains unclear. This may, in large part, be attributed to the fact that veterinary science has focused mainly on controlling levels of infection without considering the economic aspects involved (Charlier et al., 2009a) . The principal diagnostic used to evaluate the levels of infection and estimate the induced production losses is an O. ostertagi antibody ELISA (Boehringer Ingelheim Svanova, Uppsala, Sweden) applied to milk samples (Guitián et al., 1999; Charlier et al., 2009b) .
Besides the economic effects of GI nematode infections, societal pressure for judicious use of medicines is increasing in Europe and other parts of the world. This trend has mainly arisen in regard to antibiotic use, where intensive antibiotic use in animals is considered to enhance the emergence of antibiotic resistant zoonotic bacterial agents (Love et al., 2011) . Although the principal nematode infections of cattle are not zoonotic, intensive use of anthelmintics is also considered as a problem because it selects for anthelmintic-resistant nematodes and can leave unwanted residues in the environment and food products for human consumption, threatening the sustainability of current production methods (Lumaret and Errouissi, 2002; Sutherland and Leathwick, 2011) . Selective use of anthelmintics by targeting individual animals within a herd is currently promoted as an alternative for whole-herd anthelmintic treatment strategies to reduce the above-mentioned undesired side effects . However, such selective treatment strategies are currently not regularly applied because they incur additional costs for labor and diagnostics. So far, no studies have addressed whether selective treatment strategies could be economically sustainable.
The objectives of this study were (1) to investigate the economic effects at the farm level of whole-herd versus selective anthelmintic treatment strategies in adult dairy cows under Belgian conditions, and (2) to determine how these economic effects depend on level of infection and herd size. Because the process of nematode control on a dairy farm includes different epidemiological and economic aspects, with each aspect implying variation, a Monte Carlo simulation fed by current epidemiological and economic knowledge was considered the optimal way to estimate the expected economic effects and variation of different control strategies and to identify important knowledge gaps that limit the current predictions.
MATERIALS AND METHODS

Model Description
First, we will provide a general description of the model, followed by the specific characteristics. Monte Carlo simulation is a computer technique that simulates a system in which the value of variables within the system is based on repeated samples ("iterations") drawn from specified probability distributions. The used probability distributions ideally resemble the naturally occurring variation that exists in the system. The model used in this study is graphically presented in Figure 1 and consists of 3 consecutive steps: (1) simulating the population, (2) describing different treatment strategies and their effect on production parameters, and (3) assessing the costs or revenues of these strategies.
The population is characterized by a herd size and level of infection with GI nematodes. The level of infection with GI nematodes on the herd or individual level is determined by an ELISA applied on bulk tank milk or individual milk samples, respectively. The test results of this ELISA are expressed as an optical density ratio (ODR). The probability that a cow receives anthelmintic treatment (P t ) depends on the applied strategy (see evaluated strategies). The production responses after anthelmintic treatment were a function of the individual ODR and involved effects of treatment 
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on milk production and probability of conception. The number of inseminations required to conceive and the calving interval were modeled as the result of the probability of insemination given estrus and the probability of conception. Economic values were attributed to the different inputs (i.e., anthelmintics, labor, and ELISA) and outputs (i.e., extra milk produced, insemination, prolongation of the calving interval) of the model. We did not include an effect of fertility on the probability of a cow being culled, as culling costs were already included in the estimates of a prolonged calving interval (Inchaisri et al., 2010) . The outcome of the model was the economic benefit ($) of a certain treatment strategy compared with a baseline situation in which no control efforts were undertaken. The number of iterations per evaluated strategy was set at 10,000, the number where the difference in the expected economic effect was less than or equal to $1.5 per cow in 3 independent simulation runs. The expected economic benefit represents the average of the 10,000 iterations for a given treatment strategy, whereas the variation (also referred to as "risk") is represented by the 5th and 95th percentile (95% credible interval) of the iterations. The model used the euro as monetary unit, but all monetary values were converted to US dollars at a conversion rate of €1 = $1.2669 (US$/€ conversion rate = 0.7893) in this publication. The model was built in the R language (R Development Core Team, 2010 ) and the code is given in the supplementary file available online (http://www. journalofdairyscience.org/).
Evaluated Strategies
Five treatment strategies (S) were simulated: S0 = no treatments were performed; S1 = all cows were treated at calving without prior diagnosis; S2 = all first-parity cows were treated at calving, and second or higher parity cows were treated at calving if individual ODR ≥0.5; S3 = first parity cows were left untreated, and second or higher parity cows were treated at calving if individual ODR ≥0.5; and S4 = all cows were treated at housing in the fall without prior diagnosis.
Under European conditions, cows are kept indoors during the fall and winter when grass growth has stopped. Two different timings of treatment are commonly used: (1) treatment at housing, when the cows are moved from grazing to the barn at fall, removing worm burdens for a prolonged period as no reinfection takes place during the winter period (Charlier et al., 2007b) , or (2) treatment at calving, to support the cow in the beginning of lactation and to increase peak production and the subsequent lactation curve (Nødtvedt et al., 2002) . In the strategy to evaluate anthelmintic treatment strategies at calving, the decision parameter needs to be available from before parturition. Because individual diagnostic test results from milk samples are not available for first-parity cows, the strategy in which cows are treated selectively was split into 2 strategies in which all first-parity cows were given anthelmintic treatment (S2) or not (S3). The outcome of strategies S1 to S4 was compared with the baseline situation in which no anthelmintic treatment was applied (S0). An outcome, further defined as "benefit" below 0 would indicate that S0 is most profitable.
Input Data
Herd and cow parameters representative of dairy herds in Flanders (Belgium) were chosen and are presented in Table 1 . The herd level of infection, as measured by an O. ostertagi bulk tank milk ELISA, was chosen to be the average level of infection observed in a randomized cross-sectional survey in the Flemish (Belgium) dairy population (Bennema et al., 2009) . A standard deviation of 0.1 ODR was applied to account for the variation that occurs in test results when the same sample is tested repeatedly (Charlier et al., 2005b (Charlier et al., , 2009b . The individual cow ODR depended on the bulk tank ODR as described in Table 1 . This relationship has been described previously (Charlier et al., 2007a , is based on observations from 14 dairy herds, and assumes a Gaussian distribution of individual ODR within a herd. A mixed gamma distribution was used to represent DIM at housing, because this distribution gave the best fit to the data of 14 Flemish dairy herds in a previous study . According this distribution, the proportion of cows calving in the months January-March, April-June, July-September, and October-December was 21, 16, 39, and 24%, respectively.
Production responses after anthelmintic treatment were modeled as a relationship of the individual cow ODR as follows. A milk yield response occurs when the individual ODR ≥0.5. This response was set at 2 ± 1 kg per day (mean ± SD) with a negative correction for DIM of −0.0054 kg/d (Nødtvedt et al., 2002; Reist et al., 2002 Reist et al., , 2011 Sanchez et al., 2002a Sanchez et al., , 2005 Forbes et al., 2004; Gibb et al., 2005; Charlier et al., 2007b Charlier et al., , 2010 . When the treatment was applied at calving, the duration of the milk yield response was set at 6 mo (Nødtvedt et al., 2002) ; when the treatment was applied at housing, the duration of the milk yield response was set at the number of days until the end of lactation, with a maximum duration of 6 mo. A fixed length of lactation was used, chosen to be the average of 365 d in the Flemish (Belgium) dairy population (CRV, 2010).
A carry-over effect of the production response of cows treated in late lactation to the subsequent lactation was evaluated, but not included in the model as the economic effect was small (<$1.5/cow).
A treatment response on the probability of conception occurred only when the individual ODR ≥0.5 and the treatment was administered at calving or within the first 75 d of the lactation, the assumed voluntary waiting period before the first insemination. The response was set at a recovery of the probability of conception from 0.30 to 0.45.. These values were chosen based on Inchaisri et al. (2010 Inchaisri et al. ( , 2011 for the baseline probability of conception and Sanchez et al. (2002b) for the effects of anthelmintic treatment. Cows that did not conceive 253 d after calving were assigned a calving interval of 538 d. As explained above, costs of culling due to infertility were not considered separately, but were included in the estimated costs for a prolonged calving interval. The effect of treatment on number of inseminations per conception and the calving interval was calculated as a direct consequence of the probability of conception.
The time spent by the farmer to implement the treatment strategies was calculated as follows. For individual treatments at calving (S1 to S3), the time spent to treat an animal was set at 120 s for preparation and 60 s for treatment of the animal (i.e., 3 min per animal). For whole-herd treatment at housing (S4), the time spent was set at 120 s for preparation and 15 s per animal treated. These values were chosen based on Webster et al. (2008) and an interview of 6 farmers who were involved in a clinical trial on selective anthelmintic treatments of dairy cows.
Finally, the economic input parameters of the model are presented in Table 2 . The milk price of $0.27/kg was obtained by correcting an average milk price of $0.38 for the cost of 0.5 kg of concentrate ($0.11) per extra kilogram of milk produced after anthelmintic treatment. This represents a non-quota situation. The European Union quota regulations will be abandoned in 2015, and farmers are currently adapting their management strategies toward a non-quota situation. The costs for prolongation of the calving interval were set at $1.18, $1.27, $1.34, $1.41, $1.47, $1.51, $1.55, $1.58, and $1.61 per day for calving intervals of 370, 391, 412, 433, 454, 475, 496, 517 , and 538 d, respectively (based on a decision support tool to calculate herd losses due to an extended calving interval of Wageningen University; http://www.bec.wur.nl/UK/Research/ Decision+Support+Tools).
Low Impact Scenario
The input data used above to describe production responses after treatment were based on peer-reviewed clinical trials conducted mainly in Europe. However, situations may exist where these responses cannot be achieved. Therefore, a low impact scenario was simulated in which the milk yield response after anthelmintic treatment was set at 0.75 ± 0.38 kg (mean ± SD) per day, with a negative correction for DIM of −0.0021 kg/d and where no effect on probability of conception occurred, while all other parameters in the model remained the same. This scenario is based on the results of a clinical trial in New Zealand (McPherson et al., 2001 ) and a recently conducted trial in Canada (Vanderstichel, 2011) .
Effects of Herd Size and Level of Infection
Because the treatment effects are considered to vary due to biological variation at the cow level, herd size can affect the variation (standard error) of the herd mean economic benefit of anthelmintic treatment. Therefore, the effect of herd size on the economic benefit was evaluated for herd sizes of 30 and 150, reflecting small and large herds, respectively. The effect of level of infection on the model outcome was evaluated for bulk tank ELISA results ranging from 0.2 to 1.5 ODR, reflecting the possible range of values encountered in northwestern Europe (Bennema et al., 2010) . Bulk tank values of 0.2, 0.8, and 1.5 ODR correspond to a situation in which, on average, 4, 48, and 97% of individual ELISA results had ODR ≥0.5, respectively.
Sensitivity Analysis
Univariate sensitivity analysis was conducted by evaluating the changes in the expected outcome following a modification in a single parameter of the input data: all economic parameters with values −20% and +20% of the default value were tested. We assessed both quantitative changes in the expected economic benefit as changes in the order of the treatment strategies when they were ordered from highest to lowest expected economic benefit.
RESULTS
Expected Benefit of Different Treatment Strategies
The expected benefits and variation associated with the 4 treatment strategies under Belgian conditions are shown in Table 3 . The expected benefit per lactation ranged from $15 for S4 to $64 for S1. The expected benefits for S2 and S3 were intermediate, at $62 and $43, respectively. We observed wide variation in possible benefits for each treatment strategy, as indicated by the wide 95% credible intervals. The lower limit of the 95% credible intervals was below $0 for each treatment strategy. In general, the risk to have no economic benefit after anthelmintic treatment was greater for S3 and S4 compared with S1 and S2.
Overall, the net benefits from extra milk yield were the largest component (65%) in the total benefit resulting from anthelmintic treatment. Benefit from improved fertility contributed, on average, 35% to the total benefit after applying an anthelmintic treatment strategy. The cost of anthelmintics (range $4 to $13/lactation) was the greatest component in the total investment in an anthelmintic treatment strategy, followed by ELISA (range $0 to $6/lactation) and labor (range $0.09 to $0.95/lactation).
Effect of Low Impact Scenario
Applying a low impact scenario, the expected benefits (95% credible intervals) per lactation in the standard situation were $4.28 (−4.66, 13.66), $2.94 (−4.04, 10.24), $1.65 (−2.89, 6.69), and −$5.05 (−9.49, 0.15) for S1, S2, S3, and S4, respectively.
Effect of Herd Size and Level of Infection
The effects of changes in herd size on the model outcome are shown in Figure 2 . As indicated by the narrowing 95% credible intervals, the farmer's risk associated with any treatment strategy decreased with increasing herd size. The relationship between the herd's level of exposure to GI nematodes as assessed by bulk tank milk ELISA and the model outcome for the standard and low impact scenarios are given in Figure 3 . In the standard scenario, the expected economic benefit for S1, S2, and S3 was greater than $0/lactation from 0.3 ODR onward and for S4 from 0.6 ODR onward. In the low impact scenario, the expected economic benefit for S1, S2, and S3 was greater than $0/lactation from 0.7 ODR onward, but for S4, the expected economic benefit remained low at any level of exposure. From Figure 3 , we concluded that when the objective is to maximize economic benefit, the selective treatment approach S2 has a small disadvantage over whole-herd treatment in herds with a high level of exposure (ODR >0.8), but that this disadvantage disappears in herds with medium and low levels of exposure.
Sensitivity of Model to Changes in Economic Input Parameters
The results of the sensitivity analyses to changes in economic input parameters are shown in Figure 4 . The order of the 4 treatment strategies, when sorted by expected benefit, remained unchanged for any change in economic input parameters except when the cost of anthelmintics increased from $12.7 to $15.2 per dose or the cost to perform an ELISA was reduced from $8.9 to $7.1/test. In these cases, S1 and S2 had similar expected benefits. The model outcome was most influenced by changes in milk price for every treatment strategy. Treatment strategies: S1 = all cows are treated at calving without prior diagnosis; S2 = first-parity cows are all treated at calving, and second or higher parity cows are treated at calving if individual optical density ratio (ODR) ≥0.5; S3 = first-parity cows are left untreated, and second or higher parity cows are treated at calving if individual ODR ≥0.5; S4 = all cows are treated at housing in fall without prior diagnosis. 
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To a smaller extent, model outcome was also influenced by changes in the costs of anthelmintics, insemination, and diagnostics.
DISCUSSION
In the past, studies have focused on assessing the production effects of GI nematode infections in cattle (Sanchez et al., 2004) . More recently, efforts have been conducted to assess the economic cost of these infections, albeit without considering to what extent these costs can be recovered by implementing control strategies (Charlier et al., 2012) . Here, we present the first study on the economic effects of different intervention strategies at the herd level according to diagnostic thresholds.
The results indicated that efficient nematode control could result in an important return on investment with expected benefits for an average herd between $15 and $63/lactation, depending on the anthelmintic treatment strategy. In the low impact scenario, however, economic benefits were much lower and achieved only in herds with high levels of exposure. An important question is thus which production impact is realistic in a specific farm setting. The standard scenario used in our simulation represents the situation observed in 5 published trials on the effect of anthelmintic treatment responses on milk yield in Europe in the last decade (for a review, see Charlier et al., 2009a; Reist et al., 2011) . The standard scenario may thus represent the situation on pasture-based farms in areas with generally high levels of infections such as northwestern Europe. No peerreviewed studies on the effect of anthelmintic treatment on fertility are available for Europe, so the estimates for effect of treatment on fertility were based on 2 other studies in Canada and Australia (Walsh et al., 1995; Sanchez et al., 2002b) . The low impact scenario, on the other hand, was based on the results of a clinical trial in New Zealand (McPherson et al., 2001 ) and a recent clinical trial in Canada (Vanderstichel, 2011) and may represent the situation in areas in which cows are kept under permanent grazing conditions (New Zealand) or where the levels of infection and reliance on grazing for feed intake is generally low.
When the different strategies (S1 to S4) were compared, the most remarkable difference was that observed between strategies applying anthelmintic treatment at calving versus at housing. This difference can be explained by 3 factors. First, as observed by Charlier et al. (2010) , we modeled a penalization by DIM for the effect of treatment on milk yield (the later the anthelmintic treatment is given during lactation, the lower the resulting milk yield response). Second, the length of the treatment effect was shorter when cows Figure 3 . The relationship between the herd's level of exposure to gastrointestinal nematode infections as assessed by bulk tank milk ELISA and the expected benefit of an anthelmintic treatment strategy in the standard (A) and (B) low impact scenarios. Strategy (S)1 = all cows are treated at calving without prior diagnosis; S2 = first-parity cows are all treated at calving, and second or higher parity cows are treated at calving if individual optical density ratio (ODR) ≥0.5; S3 = first-parity cows are left untreated, and second or higher parity cows are treated at calving if individual ODR ≥0.5; S4 = all cows are treated at housing in fall without prior diagnosis. Conversion rate: US$1 = €0.7893 at time of study.
were treated at housing because it was assumed not to extend into the next lactation. Third, the effects of anthelmintic treatment on reproduction were assumed to occur only when treatment occurred within the first 75 d of lactation. Although more research is required to improve our knowledge on the relationships between timing of anthelmintic treatment and production responses, applying the current knowledge suggests that greater financial benefit will be achieved from strategies applying treatment at calving. In return, the economic benefits from treatment at housing will largely depend on the calving pattern of the herd, with the largest benefits being realized when most cows would calve around housing.
Within the strategies applying treatment at calving (S1 to S3), whole-herd treatment at calving (S1) generated a higher expected benefit than the selective treatment strategies (S2 and S3). However, the difference with S2 was small ($1.56/lactation). Moreover, this difference disappeared in the sensitivity analysis when a higher input price for anthelmintics ($15 instead of $13 per dose) or a lower price to perform the diagnostics was used ($7 instead of $9 per sample). This suggests that selective anthelmintic treatment strategies, using the currently available diagnostic to select the animals requiring treatment, can be economically competitive to whole-herd anthelmintic treatment strategies. The results ( Figure 3A) indicate that, especially in herds with a low or average level of infection (<0.8 bulk tank ODR), a selective treatment approach (S2) will be equally or more economical than whole-herd treatment (S1). In the standard scenario, anthelmintic treatment resulted in expected benefits >$0 per lactation when the bulk tank ODR >0.3. Applying selective treatment (S2) instead of whole-herd treatment in herds with a bulk tank ODR between 0.3 and 0.8 would reduce the amount of anthelmintics used in these herds by, on average, 52%. Huijps et al. (2009) showed that in addition to simple economic considerations, other aspects influence the final decision making of farmers, who often prefer easy-to-perform practices. In the present case, despite being economically competitive, selective treatment approaches would still involve more administrative (which Figure 4 . Sensitivity of the model outcome (expected benefit per lactation, $) to changes in economic input parameters for the 4 evaluated treatment strategies. Strategy (S)1 = all cows are treated at calving without prior diagnosis; S2 = first-parity cows are all treated at calving, and second or higher parity cows are treated at calving if individual optical density ratio (ODR) ≥0.5; S3 = first-parity cows are left untreated, and second or higher parity cows are treated at calving if individual ODR ≥0.5; S4 = all cows are treated at housing in fall without prior diagnosis. Dark gray = effect when the value of input parameter is increased; light gray = effect when the cost of the input parameter is decreased. Conversion rate: US$1 = €0.7893 at time of study. animals to treat?) and labor effort. These drawbacks could be counterbalanced by integrating diagnostic test results and cost-benefit analysis in management software (Huijps et al., 2010; Steeneveld et al., 2011) to inform the farmer on the right time (e.g., around calving) to make an economic decision, while minimizing the required efforts.
The major considered advantage of applying a selective anthelmintic treatment regimen is the sustainability, with a lower selection pressure for anthelmintic resistance and fewer anthelmintic residues excreted in the environment Rombke et al., 2010) . However, the effects of such selective treatment regimens on selection pressure for anthelmintic resistance are based on studies in small ruminants Gaba et al., 2010) , and no studies in cattle are available to date.
We observed large variation in the potential benefits for each treatment strategy, as indicated by the 95% credible intervals. Sensitivity analyses showed how these risks are influenced by herd size and the herd's level of infection with GI nematodes. The effect of herd size on 95% credible intervals was considerable, suggesting that this aspect should not be neglected when economic treatment decisions are taken. The herd's level of infection with GI nematodes as assessed by bulk tank milk ELISA not only influenced the risk associated with the different treatment strategies, but also had a large effect on the expected benefit. This highlights the value of bulk tank milk ELISA to make treatment decisions at the herd level. However, a potential weakness of the study is that we did not consider seasonal differences in individual ELISA results, which would have introduced an additional source of variation and could have led to a small bias in our study results.
The sensitivity analysis of the economic input parameters showed that milk price had the most important effect on the expected benefit from any treatment strategy. This is in agreement with the fact that benefit from increased milk production contributed 65%, on average, to the total benefit of the anthelmintic treatment strategies and confirms the value of the current instinctive treatment approaches that are driven by milk prices. On the other hand, fertility responses also contributed a considerable part (35%) of the benefit generated through anthelmintic therapy. Yet, until now, the effects of anthelmintic treatment on fertility of dairy cows remain poorly understood, with studies showing beneficial (Walsh et al., 1995; Sanchez et al., 2002b) or no effects (Sithole et al., 2006) , and more research in this area could improve future economic assessments. Although the magnitude of the expected benefit was clearly affected by changes in economic input parameters, the order of the different treatment strategies when sorted by economic value was not. This indicates that the choice for the economic optimal treatment strategy is robust. The model we created was straightforward and intended to be able to give robust calculations for the decisions we wanted to study (anthelmintic treatments). This straightforwardness resulted in modeling solutions that did not always reflect reality. For instance, the effects of an increased calving interval are mostly due to a lower average milk production per cow per because of a delay for the next peak production. However, several cows will be culled and an increased calving interval for those cows will not have an effect because they are replaced by heifers at the start of lactation. These model simplifications in relation to reality are not expected to have a large effect on the final decisions.
Finally, in this study, we only investigated the effect of anthelmintic treatment because it is a straightforward management option that can be easily modeled and implemented. However, the association of several grazing management options with levels of nematode infection has recently been described (Charlier et al., 2005a; Bennema et al., 2010) . In the future, the model could thus be extended by including such alternative or complementary control options.
CONCLUSIONS
The expected economic benefit and risk associated with anthelmintic treatment strategies on individual dairy farms depended largely on the herds' level of infection with GI nematodes, milk price, herd size, and lactation stage of the animals at the time of treatment. The results also indicate that more selective treatment strategies can compete economically with whole-herd treatment strategies and may be more sustainable because they are considered to slow the development of anthelmintic resistance and reduce the risk for residue deposition in the environment. Decision support systems that account for this multitude of factors are likely to improve future economic decisions on nematode control at the farm level. Future research in this area should focus on the effects of anthelmintic therapy on fertility responses and could extend the model by including control options through pasture management. 
